INTRODUCTION
Inflammatory bowel disease (IBD) represents a dysregulatedmucosal immune response to components of the commensal microbiota in a genetically susceptible host. 1, 2 This genetically determined, immunologically mediated tissue inflammation derives from excess T helper cytokines that are proinflammatory and which overwhelm the normal regulatory pathways of the intestines. Thus, a major focus of attention in research related to IBD derives from understanding the mechanisms of immune regulation.
A major means of regulation that has generated significant interest are those pathways that are associated with a variety of regulatory T-cell subsets that are either derived from the thymus (CD4 + CD25 + FoxP3 + T cells) or those FoxP3 + T cells that are induced within the mucosal tissues. 3, 4 A major feature of these cells is their ability to secrete inhibitory cytokines such as interleukin (IL)-10 and IL-35. 5 It has also been recently recognized that regulation of mucosal inflammation has many additional mechanisms. For example, in addition to regulatory T cells, other regulatory subsets of lymphocytes have been described such as those related to B cells and perhaps CD8 + T cells. 6, 7 It is also increasingly recognized that multiple layers of regulation also exist within mucosal compartments. These include those that derive from endogenous anti-inflammatory mediators as well as mediators that stimulate repair (e.g., cannabanoids, opioids, resolvins, and lipoxins), factors that block leukocyte extravasation (e.g., Apo A-IV), as well as the aforementioned inhibitory cytokines (e.g., IL-10, transforming growth factor-, and IL-35). 8 -12 Moreover, it is now increasingly evident that T lymphocytes can be regulated in a cell autonomous manner through the expression of a variety of inhibitory receptors on their cell surface that include CD28-related molecules such as programmed death receptor-1 13 and, as discussed below, carcinoembryonic antigen cell adhesion molecule 1 (CEACAM1).
CEACAM1
CEACAM1 is a member of the carcinoembryonic antigen cell family of glycoproteins ( Figure 1 ). 14 These proteins consist of seven well-described family members (CEACAM1, 3 -7, and 8) and a large number of highly related secretory molecules (pregnancy-specific glycoproteins). All of these CEACAM family members are characterized by a membrane distal IgV-related, N-domain and variable number of IgC2-related domains. These proteins are linked to the membrane by either a glycophosphatidyl anchor (CEACAM 5, 6, 7, and 8) or by a transmembrane anchor (CEACAM1, 3, and 4). The N-domains comprise the intercellular interaction site for homophilic and heterophilic adhesion. For example, the N-domain of CEACAM (CEA) has been shown to interact with the CD8 molecule on T lymphocytes. The N-domain of CEACAM1 can exhibit homophilic binding with CEACAM1 as well as heterophillic binding with other CEACAM1 family members (e.g., CEACAM5 or CEA) and components of the microbial universe (e.g., murine hepatitis virus and Neisseria sp. ). 15 The CEACAM family members are 
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characterized by a significant amount of alternate splicing that generates 11 different splice products in humans and four different splice products in mouse ( Figure 2 ). These splice products are named for the number of extracellular domains and whether they have a long cytoplasmic tail with two immune receptor inhibitory motifs (ITIM) or a short new cytoplasmic tail of 10 amino acids.
CEACAM1 EXPRESSION AND FUNCTION ON T LYMPHOCYTES
CEACAM1 is expressed on a number of different cell types including epithelial cells, endothelial cells, and myeloid cells. 14 It has recently been appreciated that CEACAM1 is also expressed on certain lymphocytes (B cells and natural killer cells) and on T lymphocytes primarily after activation. 16 -18 All T cell subsets have been shown to express CEACAM1 after activation. Low level expression of CEACAM1 can be observed on a small subset of resting CD4-positive lymphocytes in both mouse and human. However the function of this and the subset of T cells that express this low level of CEACAM1 has yet to be defined. As noted, CEACAM1 has multiple different splice products that are either characterized by a long or a short cytoplasmic tail. Both mouse and human T lymphocytes predominantly express isoforms with a long cytoplasmic tail, containing two ITIM domains. 14 Transfection studies with human CEACAM1 isoforms have shown that those isoforms expressing a long cytoplasmic tail have an inhibitory function in T cells. 19 This inhibitory function is dependent on the ITIM domains and Src homology phosphatase 1 (SHP-1). It has been shown that short cytoplasmic tail-containing isoforms possess very weak costimulatory activity, such that coexpression of these two isoforms may lead to modulation of inhibition by CEACAM1-L isoforms. Consistent with a presumed inhibitory function of CEACAM1, heterophilic ligation of mouse CEACAM1 with a monoclonal antibody to the N-domain leads to the inhibition of a mixed lymphocyte reaction in vitro and delayed-type hypersensitivity response in hapten-mediated colitis models in vivo. 20 Furthermore, overexpression of a mouse CEACAM1 isoform (CEACAM1-4L) specifically in T lymphocytes by transgenic overexpression of the CEACAM1-4L isoform leads to T-cell inhibition when examined ex vivo. 21 This inhibitory property of long cytoplasmic tail-containing isoforms directly affects T-cell receptor -CD3 complex signaling as shown by the inhibition of antigen-specific activation of primary CD4-positive T cells that are major histocompatibility complex class II (I-A b ) and ovalbumin specific ( Figure 3 ).
REGULATION OF MUCOSAL INFLAMMATION BY CEACAM1 EXPRESSION ON T CELLS
To determine whether CEACAM1 expression can regulate T cell-mediated inflammation, the effects of CEACAM1 ligation on T lymphocytes have been examined. In early studies, administration of a monocolonal antibody specific for the N-domain of CEACAM1 or a Fc-fusion protein containing the N-domain of mouse CEACAM1 to model homophilic ligation of CEACAM1 leads to amelioration of both trinitrobenzine sulfonic acid-and oxazolone-induced colitis. 20 Interestingly, the protection from colitis was most prominently associated with inhibition of T helper 1 cytokines. This was shown to involve blockade of nuclear translocation of T box expressed in T cells. 
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Although these studies were consistent with a model, wherein CEACAM1 expression on T cells was the mechanism for inhibition, the broad expression of CEACAM1 did not allow for a definitive conclusion that the means of inhibition was through ligation of CEACAM1 on T cells. Therefore, studies were subsequently pursued to examine the overexpression of CEACAM1 specifically on T cells either by retroviral infection or transgene expression. 21 In the former case, it has been shown that overexpression of the CEACAM1-2L isoform in primary naive T cells, but not the CEACAM1-2L isoform in which the two ITIM residues were mutated, could abrogate the ability of the effector T cells to induce colitis after adoptive transfer into RAG2-deficient mice. These studies show that the CEACAM1-2L isoform is indeed inhibitory to T cells, and that this inhibition is dependent upon the functional signaling of the cytoplasmic tail.
As the ITIM domains have been shown to mediate their inhibition through SHP-1, the role of SHP-1 in CEACAM1 signaling was examined in vivo by retrovirally infecting naive T cells from SHP-1-deficient, CD4-positive T cells. In this case, the wildtype CEACAM1-2L isoform was shown to be unable to mediate inhibition in the absence of either the ITIMs or SHP-1 indicating that CEACAM1 inhibitory signaling is dependent upon the ITIMs and SHP-1 in vivo . Finally, CD4 naive, CD4-positive T cells that overexpress the other long cytoplasmic tail containing type of isoform of CEACAM1 (CEACAM1-4L) in mice when overexpressed in T cells transgenically, also abrogated the ability of effector T cells to induce colitis when adoptively transferred into RAG2-deficient mice. Taken together, these studies show that indeed CEACAM1 is an inhibitory molecule in T cells and can specifically block the development of intestinal inflammation.
CHARACTERIZATION OF T-CELL FUNCTION IN THE ABSENCE OF CEACAM1
On the basis of the studies described above, it would be predicted that if CEACAM1 is an inhibitory coreceptor, it would be predicted that (deletion or loss) of CEACAM-L isoforms in T cells would increase T-cell activation. To test this, conditional deletion of CEACAM1 was accomplished by crossing mice containing lox P sites flanking exons 7 through 9 encoding the cytoplasmic tail of CEACAM1 with a mouse expressing Cre recombinase under the control of a T cell-specific promoter. 21 Consistent with an inhibitory function of CEACAM1, deletion of CEACAM1 signaling function of T cells in this manner resulted in hyperactivation of the T cells ex vivo when stimulated with anti-CD3 and anti-CD28 as assessed by cytokine secretion. CEACAM1 has Taken together with the overexpression studies described above, these studies with mice that are genetically deleted for CEACAM1 expression or human T cells in which CEACAM1 function has been blocked, show that CEACAM1 is indeed a co-inhibitory receptor in T cells. In summary, CEACAM1 is a new, non-CD28-related co-inhibitory receptor that mediates inhibition of the T-cell receptor -CD3 complex. Furthermore, this inhibitory function of CEACAM1 occurs in a cell autonomous manner. These studies mark CEACAM1 as a new target for therapeutic interventions in mucosal and other types of inflammation.
